NDE of Metal Surface Breaking Cracks Under Adhesive Coating by Lavrentyev, Anton I.
NDE OF METAL SURFACE BREAKING CRACKS UNDER ADHESIVE COATING 
Anton I. Lavrentyev 
United Technologies Research Center 
411 Silver Lane, MIS 129-86 
East Hartford, CT 06108 
INTRODUCTION 
Initiation and propagation of surface breaking cracks is a major factor limiting 
life of many engineering structures [I]. A significant effort has been expended towards 
developing non-destructive methods to detect and size surface breaking cracks [2]-[5]. 
Due to their high sensitivity ultrasonic and eddy current methods are the two most 
widely used in practical inspections. For examrle, surface acoustic wave is capable of 
detecting a 50j.tm deep semicircular crack [4, 5. About the same size cracks can be 
detected by eddy current method in a number of conducting materials. 
Despite a significant progress in NDE of surface cracks, their detection is often 
complicated by a geometry and by a presence of attenuating coating layer (a paint or 
an adhesive coating). These real-life factors often dictate an NDE method to bf> used 
for inspection. This paper investigates inspection capabilities of the surface acoustic 
wave and eddy current techniques for surface crack detection in a specific engineering 
structure: a steel angle coated from one side by an adhesive coating as shown in Fig-
ure 1. The semicircular EDM notches simulating fatigue cracks are located under the 
coating and oriented along the angle. 
An eddy current inspection requires a raster scan of the area with potential de-
fects. A surface wave application offers a significant time saving since it requires only 
one linear scan along the angle with the surface wave propagating around the curva-
ture. However, the application of the surface wave method is complicated by the ge-
ometry of the structure and the presence of the adhesive layer covering the cracks. In 
the first section the application of the ultrasonic (SAW) method for crack detection in 
the structure shown in Fig. 1 is described. An application of eddy current method is 
considered in the second section. 
ULTRASONIC INSPECTION 
Crack Detection on a Concave Surface 
Rayleigh waves can propagate not only a plane surface but also on cylindrical 
(concave or convex) surfaces [6, 7]. Because of the surface curvature, its phase veloc-
ity is slightly lower than that of a Rayleigh wave on a flat surface. In addition, the 
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Figure 1: A schematic of a steel angle with an adhesive coating from one side. 
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Figure 2: a) A schematic of a leaky surface wave propagating on a concave surface. b) 
A quarter-circumference energy loss for the Rayleigh wave propagating over a concave 
surface with curvature radius of 0.236 in. 
circumferencial mode reradiate some of its energy into the interior of the solid, i.e. it 
is "leaky". The energy loss due to reradiation depends on the surface curvature and 
frequency. A quarter-circumference energy loss for the Rayleigh wave propagating over 
a concave surface with curvature radius of 0.236 in was calculated using the approxi-
mate formulae given in [71. The results are shown in Figure 2. One can see that in the 
limit of high frequencies the energy loss is negligible. The energy loss is higher for 2.25 
MHz wave than for 5 MHz wave. 
The feasibility of crack detection by a surface wave propagating on a cylindrical 
surface was studied using a steel angle (Fig. 1) without coating. Three rectangular 
cracks and one conical pit (0.01 in deep) were manufactured by EDM into the sample 
at 0.375 in from the corner. The dimensions of the first crack was 0.004 x 0.008 in, 
second 0.01 x 0.02 in, and third 0.004 x 0.08 in (shallow and long) . The surface wave 
reflections from the defects were measured with transducers alternatively located on 
two sides of the angle as shown in Figures 3a and b. 
Figure 3 shows measurements for the defects #2 , #3 and without defect with 
the 5 MHz ultrasonic transducer positioned on the angle side with the defects. Two 
signals are observed in two upper plots of Fig. 3a: 1) reflection from the defect and 
2) reflection from the back wall due to leakage of the surface wave into the bulk of the 
sample when propagating on the concave surface. Only back wall reflection is observed 
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Figure 3: Ultrasonic surface wave measurements for defects #2 (0.01 x 0.02 in), #3 
(0.004 x 0.08 in) and without defect with 5 MHz SAW transducer positioned a) on the 
angle side with defects, b) on the angle side without defects. 
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Figure 4: Ultrasonic surface wave measurements for defects #2 (0.01 x 0.02 in), #3 
(0.004 x 0.08 in) and without defect with 2.25 MHz SAW transducer positioned a) on 
the angle side with defects, b) on the angle side without defects. 
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Figure 5: A schematic of the ultrasonic crack detection under an epoxy coating. 
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Figure 6: Ultrasonic surface wave signals reflected from semicircular EDM slots #4 
(depth 0.04 in), #3 (0.02 in), and #2 (depth 0.01 in) . 
in the area without defect. The measurements with transducer positioned on the angle 
wall without defect are shown in Figure 3b. The time position of the reflections from 
the defects is not changed since the distance of the transducer to the defect was kept 
the same as in the first experiment. However the amplitudes of the reflections from the 
defects are lower due to partial energy loss on the cylindrical surface. The back wall 
reflection increased due to closer distance to the transducer. 
The results of the analogous experiments with 2.25 MHz surface wave transducer 
are shown in Figure 4. One can see that the reflection signal amplitude decrease due 
to propagation on the concave surface is stronger than at 5 MHz. (This is in line with 
the theoretical prediction of Fig. 2). As a result the defect #2 is barely detectable by 
the 2.25 MHz transducer in position. 
Crack Detection under a Coating 
When air bounding the steel plate is replaced by a polymer coating the surface 
wave becomes dispersive, i.e. wave velocity depends on frequency. As a result an orig-
inally short pulse smears in time domain. In addition, as a result of energy redistri-
bution and partial dissipation in the polymer, less wave energy is reflected from the 
defect on the steel substrate surface. 
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AF3109-2K coating (O.010in thick) 
Figure 7: Test block for Eddy Current experiments. 
The feasibility of crack detection under the coating by a SAW was studied us-
ing flat steel sample with manufactured in four semicircular EDM slots (depths 0.004, 
0.01, 0.02, and 0.04 in) with the defects covered by a 0.02 in thick, 0.4 in wide epoxy 
layer (Miller-Stephenson Epoxy 907) as shown in Figure 5. 
The 5 and 2.25 MHz SAW transducers were placed 1 in from the defects. The 
signals measured by a 5 MHz transducer are shown in Figure 6. The amplitudes of the 
reflected signals were greatly reduced by the dissipation in the coating. In addition, 
reflection from the front edge of the coating partially obscure the reflections from the 
defects reducing their detectability. One must note a positive side of the dissipation in 
the coating: the grain scattering noise is significantly attenuated. The received grain 
noise level is much lower for the arrival times after reflection from the coating front. 
This results in acceptable signal-to-noise ratios when the defects are not close to the 
front of the coating layer. 
It must be noted that the parameters of the coating are detrimental for the de-
tectability of the defects under it. These parameters are thickness, coating edge/defect 
distance and attenuation. For example, it was not possible to detect defects under 
AF3109-2K structural adhesive (typical for aircraft industry) due to the presence of 
knit fabric in it resulting in very high ultrasonic signal attenuation. 
EDDY CURRENT INSPECTION 
Given the limitations of the ultrasonic technique, eddy current method was evalu-
ated as an alternative. The experiments were done using a flat steel block with manu-
factured in eight semicircular EDM notches of four depths: 0.005, 0.01, 0.02, and 0.04 
in. (Fig. 7) . Four of the notches were coated by a 0.01 in thick AF3109-2K structural 
adhesive. (Ultrasonic SAW method was not successful in detecting cracks under this 
type of coating) . 
Experiments were done using Rohman B1 and Nortec 2000 eddy current flaw de-
tector units. The best results were obtained with reflection differential and reflection 
absolute probes shown in Figure 8a, b. The differential probe is insensitive to lift-off 
variation due to coating thickness. Its sensitivity depends on the probe orientation and 
distance to the defect. The absolute probe with two differentially connected receiving 
coils arranged vertically (Fig. 8b) is directionally insensitive while being sensitive to 
lift-off variations. The latter disadvantage is offset by the fact that lift-off and crack 
related signals are phase discriminated. 
For both inspections the probes had to be raster scanned over the entire region of 
interest. This makes the inspection significantly longer than UT SAW inspection that 
required only linear scan. 
1761 
Driving coil 
(a) 
Figure 8: EC probes used in experiments: a) reflection differential, b) reflection abso-
lute. 
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Figure 9: Eddy current signals obtained from 0.01 deep semicircular crack coated by a 
0.01 in thick adhesive using: a) reflection differential probe, b) reflection absolute 
probe. 
A magnetic domain noise was present in both inspections; it was the major limi-
tation in crack detection. Both probes detected 0.01 in deep semicircular crack under 
0.01 in thick adhesive coating. The smallest 0.05 in deep crack was not detected. Ex-
amples of the recorded signals are shown in Figure 9. Note that the absolute probe was 
fixed in a disk rotor for inspection which considerably improved crack detectability. 
CONCLUSIONS 
This paper studies inspection capabilities and limitations of the surface acoustic 
wave and eddy current techniques for surface crack detection in a steel angle coated 
from one side by an adhesive coating (Fig. 1). The cracks are located under the coating 
and oriented along the angle. 
It is determined that although surface wave inspection offers a significant inspec-
tion time saving its use is limited by attenuating properties of the coating. While pro-
viding reasonable sensitivity with a common epoxy coating it is not applicable when 
structural adhesive with knit fabric carrier is used. 
The eddy current inspection requires a raster scan of the area with potential de-
fects and takes longer time than ultrasonic testing. Nevertheless it demonstrated a 
reasonable sensitivity: 0.01 in deep semicircular cracks can be detected under a 0.01 in 
thick structural adhesive coating using either differential or absolute probes. 
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